Treponema pallidum is the pathogenic agent of syphilis. This bacterium displays slow and limited multiplication both in vivo and in vitro. The low availability of organisms has severely hindered the biochemical analysis of individual determinants of virulence and immunity. Recently this difficulty has been circumvented by the cloning and expression in Escherichia coli of genes for serologically reactive T. pallidum proteins. An understanding of the structures and functional roles of these proteins in the pathogenesis of T. pallidum can now be approached (8, 9, 12, 16) . Some properties of such an antigen and its DNA and protein sequences are presented here.
A T. pallidum gene library was constructed in XL47.1 and screened for expression of antigens with human syphilitic serum (15, 16) . DNA for the library had been purified from T. pallidum Nichols grown on cultured rabbit epithelium (5) and digested partially with BamHI. A high-molecular-weight heat-labile treponemal antigen was observed in Western blots (immunoblots) derived from a seroreactive clone of this library, XC1-5. The 3.9-kilobase-pair BamHI fragment containing the gene for the Cl-5 antigen was inserted into pUC13, shown in Fig. 1 as pSY888 . Antigen Cl-5 was purified from clarified lysates of overnight E. coli HB101 cultures containing pSY888 by 30% ammonium sulfate precipitation followed by resolubilization in 50 mM CHES (cyclohexylaminoethanesulfonic acid) buffer (pH 9.5) containing 0.5 M NaCl. Purification to 90% was by hydrophobic interaction chromatography with phenyl-Sepharose CL 4B (Pharmacia, Inc.). Purified Cl-5 presents a characteristic banding pattern in 4 to 12.5% sodium dodecyl sulfate(SDS)-polyacrylamide gels as a broad band of an apparent molecular weight of 1.3 x 105 to 1.5 x 105 followed by a ladder of bands increasing in size by discrete increments (Fig. 2, lanes  6 ). Cl-5 migrates through SDS-polyacrylamide gels as though it were a series of multimers composed of regular numbers of subunits. The sensitivities of this Cl-5 complex to reducing agents, detergents, and heat ( Fig. 2) are evidence that it is held together by disulfide bonds and hydrophobic forces. The extensive disassociation induced by dithiothreitol ( Fig. 2A, lane 1 An open reading frame encoding a monomer of 19 x 103 molecular weight was identified by dideoxy-chain termination sequencing of a 1.7-kilobase-pair EcoRI-HindIII fragment of pSY888. The location and orientation of this reading frame are shown in Fig. 1 . This DNA sequence with its translation and its upstream flanking region is presented in Fig. 3 . Nucleotide sequences upstream of the putative ATG initiation codon exhibit features homologous to promoter sequences and ribosome-binding sites commonly found in E. coli (7, 11 The amino acid sequence was confirmed by automated Edman degradation of the N terminus of purified Cl-5. The first amino acid residue was asparagine (Fig. 3, arrowhead) , indicating that the formylmethionine is processed from the N terminus. Sequencing of several antigen preparations revealed occasional processing by endogenous E. coli peptidases to residue 22 (alanine) Fig. 3, arrowhead) , although the upstream amino acid sequence did not resemble a transmembrane signal peptide (14) . There was some loss of seroreactivity because of this processing (Fig. 2B, lane 9) 2 3 4 5 6 78 9 1 2 3 4 5 6 7 8 9 . . . . . . . . . (13) gel from 4 to 12.5% SDS-polyacrylamide gel electrophoresis containing 6 ,ug of antigen Cl-5 exposed to various disassociating conditions. The molecular weights shown are given in thousands. Lanes: 1, 62.5 mM Tris (pH 6.8)-100 mM dithiothreitol for 4 h at 22°C; 2, 62.5 mM Tris (pH 6.8)-100 mM dithiothreitol for 4 h at 22°C, heated to 100°C for 10 min; 3, 62.5 mM Tris (pH 6.8)-100 mM dithiothreitol-1% SDS for 4 h at 22°C; 4, 62.5 mM Tris (pH 6.8)-100 mM dithiothreitol-1% SDS for 4 h at 22°C, heated to 100°C for 10 min; 5, no sample; 6, 62.5 mM Tris (pH 6.8)-1% SDS for 4 h at 22°C; 7, 62.5 mM Tris (pH 6.8)-1% SDS for 4 h at 22°C, heated to 100°C; 8, 50 mM Tris (pH 8.0)-0.1% SDS-10 ,ug of proteinase K for >4 h at 55°C; 9, (E. coli processed form of C1-5) 62.5 mM Tris (pH 6. helices except for this final projecting carboxy-terminal helix, which had a surface character.
Antigen Cl-5 is similar to another characterized T. pallidum antigen, 4D, in terms of its oligomeric structure, monomers, and sensitivities (3, 4) . The restriction endonuclease maps of the Cl-5 and 4D genes are virtually identical within the regions of the open reading frames. Antigen 4D was shown to be a structural protein of T. pallidum with potential as a serodiagnostic and protective antigen (10) . Cl-5 similarly has been shown to act as a serodiagnostic antigen in an enzyme-linked immunosorbent assay for syphilis (data not shown). Although the two antigens have not been directly compared, the data suggest that they are identical.
